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DESCRIPTION 

OPTICAL RECORDING MEDIUM AND PLAYBACK METHOD FOR THE SAME 
Technical Field 

The present invention relates to an optical disc or other optical recording 
5 medium, and relates more particularly to an optical recording medium to which 
barcode-shaped marks are recorded. 
Background Art 

A barcode containing a serial number, lot number, or other identifying 
code has conventionally been imprinted on optical discs as a means of 

10 identifying whether a disc is an authorized disc or a pirated copy. 

A method for recording barcode-shaped marks (below a "BCA mark") to 
a burst cutting area (BCA) and reading this BCA mark with the optical head of 
the optical disc playback drive has been proposed and implemented for use 
with DVD media in particular. 

15 Prepits and pregrooves are formed in the BCA of DVD media at the 

same track pitch used in the read-only area where read-only data is recorded 
and in the read-write area that is both readable and writable. A problem with 
write-once and read/write discs is the danger of the BCA mark in the BCA being 
erased or altered by the read/write drive. Tampering with the BCA mark during 

20 the production of pirated copies is a particular problem because legal copies 
and pirated copies cannot then be distinguished. 

Furthermore, if pregrooves and prepits are not formed in the BCA where 
the BCA mark is recorded, that is, if the BCA is a mirror surface area, the optical 
head cannot track properly for the detection and playback of the barcode- 

25 shaped BCA mark recorded in the BCA. In this case the optical head can only 
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be positioned to the precision of the drive mechanism used to move the optical 
head. The average user, however, could use various types of drives, and it is 
therefore necessary to employ a design that accounts for variation between 
different drives. 

An object of the present invention is therefore to make tampering with the 
BCA mark difficult in an optical disc or other optical recording medium while 
enabling a barcode-shaped BCA mark in the BCA to be reproduced with 
tracking control. 
Disclosure of Invention 

To achieve the object an optical recording medium according to the 
present invention has prepit or pregroove on tracks in a BCA region where BCA 
marks or other barcode-shaped marks are recorded, and the track pitch of 
these tracks is specifically greater than the track pitch of a track in a read-only 
area or read/write area used to record the actual user data or disc information. 
This makes it difficult to alter barcode-shaped BCA marks in the BCA. Tracking 
in the BCA is also enabled by forming prepits or pregrooves in the BCA. 

Another novel feature of an optical recording medium according to the 
present invention is a guard region for changing, the track pitch disposed 
between the BCA and the read-only area or read/write area of a different track 
pitch beside the BCA. This is described more specifically below. 

An optical recording medium according to the present invention has a 
first area containing tracks at a first track pitch and a second area containing 
tracks at a second track pitch. A plurality of barcode-shaped marks is formed in 
the second area, and the second track pitch is wider than the first track pitch. 
This optical recording medium can thus achieve the above object. 
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Preferably, the barcode-shaped marks are linearly shaped marks arrayed 
in the circumferential direction and extending in the radial direction across 
multiple tracks in the second area. 

Further preferably, the second area has prepits or pregrooves formed 
5 therein along the track. 

Yet further preferably, the second area has a stack for recording 
information. 

Yet further preferably, the stack for recording information is a phase- 
change recording stack. The marks are formed by a pattern using both a 
1 0 crystalline phase and amorphous phase of the phase-change recording stack, 
and the second track pitch is at least five times the first track pitch. 

Yet further preferably, a guard area for changing the track pitch is formed 
between the first area and second area. 

Yet further preferably, the first area track and the second area track 
15 continue as uninterrupted in this guard area. 

Alternatively, the first area track is not continuous to the second area 
track in the guard area. 

Yet further preferably, uninterrupted prepits or pregrooves are formed in 
the first area and in the second area. 
20 The above object is also achieved by a method according to the present 

invention for reading information from an optical recording medium having a first 
area including a track with a first track pitch for recording specific information 
and a second area including a track with a second track pitch where prepits or 
pregrooves are formed along the track and a mark for identifying the optical 
25 recording medium is recorded in the second area. This reading method 
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includes a step for obtaining first mark information by tracking the prepits or 
pregrooves and reading the mark from the second area; a step for obtaining 
second mark information by reading the mark from the second area with 
tracking off; a step for comparing the first mark information and the second 
5 mark information to determine if the first mark information and the second mark 
information are the same information; and a step for reproducing the specific 
information if the first mark information and second mark information are 
determined the same. 

Other objects and attainments together with a fuller understanding of the 
10 invention will become apparent and appreciated by referring to the following 
description and claims taken in conjunction with the accompanying drawings. 

Brief Description of Drawings 

The present invention will become readily understood from the following 
15 description of preferred embodiments thereof made with reference to the 
accompanying drawings, in which like parts are designated by like reference 
numeral and in which: 

Fig. 1 is a top view of an optical disc according to a preferred 
embodiment of the present invention; 
20 Figs. 2A to 2E illustrate steps in the production of a master disc for an 

optical disc; 

Fig. 3A shows a first example of a track pitch changing area according to 
the present invention; 

Fig. 3B shows a second example of a track pitch changing area 
25 according to the present invention; 
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Fig. 3C shows a third example of a track pitch changing area according 
to the present invention; 

Figs. 4A to 4F show steps in the production of an optical disc stamper; 

Figs. 5A to 5F show steps in the process for producing optical discs from 
5 the stamper; 

Fig. 6 is a block diagram of the configuration of a playback device 
according to a preferred embodiment of the present invention; 

Fig. 7A is a waveform diagram of the playback wave of a tracking error 
signal in the read/write area; 
10 Fig. 7B is a waveform diagram of the playback signal of a tracking error 

signal in the BCA where the BCA mark is recorded; 

Fig. 8A is a schematic diagram of the barcode-shaped mark in a groove 
in the BCA; 

Fig. 8B shows the change in the intensity of reflected light detected by 
15 the optical head from the barcode-shaped mark shown in Fig. 8A; 

Fig. 8C shows the change in the signal strength of the playback signal 
generated from the change in light intensity shown in Fig. 8B; 

Fig. 9 is a schematic diagram of a barcode-shaped BCA mark in the BCA 
of an optical recording medium according to the present invention; 
20 Fig. 10 is a schematic diagram of the path of the optical head while 

tracking is on and when tracking is off during the playback of a BCA mark in the 
BCA; 

Fig. 1 1 is a schematic diagram of the path of the optical head while 
tracking is on and when tracking is off during the playback of a BCA mark that 
25 has been tampered with in the BCA of the optical recording medium shown in 
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Fig. 9; 

Fig. 12 is a schematic diagram of a barcode-shaped BCA mark in the 
BCA of an optical recording medium used by way of reference; and 

Fig. 13 is a schematic diagram of the path of the optical head while 
5 tracking is on and when tracking is off during the playback of a BCA mark that 
has been tampered with in the BCA of the optical recording medium shown in 
Fig. 12. 

Best Mode for Carrying Out the Invention 

Preferred embodiments of the present invention are described below with 

10 reference to the accompanying figures. The present invention is described in 
the following order. First, (1) the structure of an optical disc as an optical 
data recording medium is described. A process for manufacturing this optical 
disc is then described, including (2) producing the disc master, (3) producing an 
optical disc using the disc master, and (4) forming the burst cutting area (BCA) 

15 marks. A (5) method for playing the optical disc is described last. 
(1 ) Optical disc structure 

Fig. 1 is a top view of an optical disc 100 according to a preferred 
embodiment of the present invention. This optical disc 100 is a donut-shaped 
disk 1.2 mm thick with a 120 mm diameter and a 15 mm center hole. A 0.1 mm 

20 thick transparent layer is formed on the data recording surface of the optical 
disc 100. Data can be recorded to and recorded data can be read from the 
optical disc 1 00 by emitting a laser with an approximately 405 nm wavelength 
from an optical head with a 0.85 numerical aperture through the transparent 
layer. More specifically, this optical disc 100 is a readable/writable optical disc 

25 that can be used to record and read data using a phase-change recording stack. 
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This optical disc 100 has three data recording areas for recording 
information. In sequence from the inside circumference of the disc these areas 
are the BCA 101, read-only area 102, and read/write area 103. A first guard 
area 105 for changing the track pitch is also located between the BCA 101 and 
5 read-only area 102, and a second guard area 106 for similarly changing the 
track pitch is disposed between the read-only area 102 and read/write area 103. 

A phase-change stack is formed in the data recording areas, that is, BCA 
101, read-only area 102, and read/write area 103. This phase-change stack 
can be changed between crystalline and amorphous states by emitting a laser 
10 from the optical head. 

Pre-grooves formed when the optical disc 100 is manufactured are 
disposed in the BCA 101, read-only area 102, and read/write area 103. The 
track pitch d1 of these pre-grooves in the BCA 101 is 2.0 urn, track pitch d2 in 
the read-only area 102 is 0.35 urn, and track pitch (not shown) in the read/write 
15 area 103 is 0.32 urn. Using the above-noted optical head and laser, the track 
pitch is preferably approximately 0.4 urn or less based on calculations using the 
difference between the numerical aperture of the optical head and the 
wavelength of the laser. It should be noted that currently available DVDs have 
a track pitch of 0.74 urn for use with a 650 nm wavelength laser and an 0.60 NA 
20 optical head. 

The above-noted areas 101 to 103 and 105 and 106 are further 
described below. 

The BCA 1 01 is disposed in a range within a radius of 21 mm to 22 mm 
from the disc center. BCA mark 104 is recorded in the BCA 101. The BCA 
25 mark 1 04 is a barcode representation of a serial number, lot number, or other 
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such identifying information, and is used to identify the optical disc 100 and 
prevent unauthorized copies. BCA marks 104 are formed as barcode-shaped 
marks using two phases of the BCA 101: a crystalline phase area and an 
amorphous phase area of the phase-change stack. As shown in Fig. 9 the 
5 barcode-shaped marks are formed by plurality of linearly shaped marks arrayed 
in the circumferential direction in the BCA 101. The linearly shaped marks are 
extending in the radial direction across plural tracks. These barcode-shaped 
marks are sufficiently larger than the track pitch and cover the entire BCA 1 01 in 
the radial direction. 

10 The read-only area 102 is disposed to an area within a 22.4 mm to 23.2 

mm radius of the disc center, and is used to record disc information. Wobbled 
pregrooves are formed along the track in the read-only area 102 to record read- 
only data. In other words, the read-only data to be recorded is formed in the 
pregrooves. Only the disc information is read from the read-only area 102, and 

15 other information cannot be recorded in the read-only area 102. It should be 
noted that prepits modulated according to the playback signal can be used 
instead of pregrooves in the read-only area 102. It should also be noted that 
the read-only area 102 is not limited to read-only use, and could include write- 
once or read/write areas. 

20 The read/write area 103 is disposed in the range from a 23.2 mm to 58.6 

mm radius of the disc center. The user can both record information, to and read 
information from the read/write area 103. Wobbled pregrooves are formed 
along the track for recording address information in the read/write area 103. 
User data is recorded to the track. It should be noted that address information 

25 can be recorded using prepits in the read/write area 103, and is thus not limited 



WO 03/069609 



PCT/JP03/01367 



to pregrooves. 

The first guard area 105 uninterruptedly connects tracks in the BCA 101 
and tracks in the read-only area 102. More specifically, the track pitch in the 
first guard area 105 changes continuously from 2.0 urn at the inside part of the 
5 first guard area 105 to 0.35 urn, and thus seamlessly connects the tracks at a 
2.0 urn pitch in the BCA 101 to tracks at a 0.35 urn pitch in the read-only area 
102. 

The track pitch in the second guard area 106 likewise changes from 0.35 
urn to 0.32 urn, and thus similarly connects tracks at the 0.35 urn track pitch of 
10 the read-only area 102 to the tracks at a 0.32 urn track pitch in the read/write 
area 103. 

The first guard area 105 is described more specifically with reference to 
Figs. 3A to 3C. Figs. 3A to 3C show the configuration of the first guard area 
105. Fig. 3A shows a first example of the area where the track pitch changes. 
15 More specifically, the track is continuous from the BCA 101 to the read-only 
area 102, and this example thus illustrates the track pitch changing continuously. 

If the amount of continuous change in the track pitch is great some 
manufacturing systems may not be able to manufacture a first guard area 105 
as shown in Fig. 3A. In such cases a different configuration such as shown in 
20 Fig. 3B and Fig. 3C can be used. 

Fig. 3B is a second example of an area where the track pitch changes. 
More specifically, tracks are formed at the track pitch of the BCA 101 in the first 
guard area 105, and the track is then interrupted at some midpoint position. 
Then from substantially the same location tracks are again formed but at the 
25 track pitch of the read-only area 102. The uniformity of the track pitch in the 
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BCA 101 and in the read-only area 102 can be assured even in this second 
example. 

Fig. 3C shows a third example of changing the track pitch. More 
specifically, tracks are formed at the track pitch of the BCA 1 01 in the first guard 
5 area 105, and are then interrupted. A mirror surface area of a specific width is 
then formed, and after this mirror surface area tracks are formed at the track 
pitch of the read-only area 102. 

The change in the track pitch does not need to be continuous with the 
configurations shown in Figs. 3B and 3C, and optical discs of these types can 
10 therefore be manufactured using conventional manufacturing equipment. It 
should be noted that the grooves are discontinuous between the BCA 101 and 
read-only area 102 in the cases shown in Figs. 3B and 3C. 

The present invention is described more fully below with reference to Fig. 
1 and Fig. 9 to Fig. 13. Fig. 9 is a schematic diagram of the barcode-shaped 
15 BCA marks 104 in the BCA 101 on a optical disc 100 according to the present 
invention. 

Fig. 10 is a schematic diagram of the paths 112a and 112b of the optical 
head while tracking is on and when tracking is off while reading the BCA marks 
104 in the BCA 101. 

20 Fig. 1 1 is a schematic diagram of the paths 1 12a and 1 12b of the optical 

head when tracking is on and when tracking is off while reading BCA marks 104 
that have been tampered with in the BCA 101 of the optical disc shown in Fig. 9. 

Fig. 12 is a schematic diagram of the barcode-shaped BCA marks 104 in 
the BCA 101 of an optical recording medium used for comparison. 

25 Fig. 13 is a schematic diagram of the paths 1 12a and 1 12b of the optical 
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head when tracking is on and when tracking is off while reading BCA marks 104 
that have been altered in the BCA 101 of the optical disc shown in Fig. 12. 

A phase-change recording stack is formed on this optical disc 100 and is 
used to record information. It is important to note that a BCA mark 104 of a 

5 desired shape can be formed by emitting a laser to the phase-change stack in 
the BCA 101. This means that it is possible to alter the BCA marks 104. If the 
BCA marks 104 are altered, they will not function normally as identification 
information for preventing unauthorized copying. Tampering with the BCA 
marks 1 04 in the BCA 1 01 is therefore considered in detail next. 

10 As shown in Fig. 10, tracking control enables the optical head 66 to 

normally trace a path 1 12a along the groove 1 10 to read BCA marks in the BCA. 
However, when the BCA mark is altered along the groove 110 with tracking 
control on, the BCA mark can be rewritten along the groove 110 to form an 
unauthorized BCA mark 114. 

15 Tampering throughout the BCA 101 is considered next. As shown in Fig. 

12 and Fig. 13, if the track pitch d3 in the BCA 101 is narrow relative to the 
read/write spot diameter of the optical head and tampering is attempted by 
tracking along the track groove 110, the unauthorized BCA mark 114 part of 
each track will also be uninterrupted in the radial direction. It is therefore 

20 possible in this case to form throughout the BCA 101 unauthorized BCA marks 
114 having the same shape as the BCA marks pre-recorded to an original disc. 

As shown in Fig. 9, however, the track pitch d1 in the BCA 101 is several 
times (such as five times) greater than the track pitch d2 in the read-only area 
102 or read/write area 103 in an optical disc 100 according to the present 

25 invention. In this case even if a user attempts to tamper with the entire BCA 
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101 along the groove 110 by using tracking control, the unauthorized BCA 
marks 114 in each track will not be connected because the track pitch in the 
BCA 101 is sufficiently wide, and the original BCA marks 104 will remain in the 
land 120 parts as shown in Fig. 11. It is therefore not possible to alter the BCA 
marks so that they are sufficiently larger than the track pitch. 

By thus making the track pitch d1 in the BCA sufficiently wider than the 
track pitch d2 in the read-only area 102 and other areas in an optical disc 100 
according to the present invention, it is difficult to uniformly modify all of the 
barcode-shaped BCA marks 1 04 in the BCA 101. 

It should be noted that the optical disc 100 is described above as a 
read/write type optical disc using a phase-change stack, but the present 
invention can also be applied to any disc in which the recording state can be 
changed using an optical head, including write-once discs, to prevent data from 
being read by unauthorized users. 
(2) Disc master production process 

Figs. 2A to 2E show the basic steps (a) to (e) in the production of a 
master for the optical disc 1 00 as shown in Fig. 1 and described below. 

(a) The first step is to evenly coat the surface of a glass plate 201 
with a photosensitive material (such as a positive resist) (see Fig. 2A). 

(b) A pregroove pattern is then formed using a laser beam recorder 
(LBR) 202 emitting a 248 nm wavelength deep-ultraviolet laser (see Fig. 2B). 
The laser beam recorder 202 forms the pregroove pattern based on a signal 
from a formatter (not shown in the figure) that generates a signal according to 
the desired pregroove pattern. 

The laser beam recorder 202 is described more specifically below. The 
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laser beam recorder 202 has an encoder (not shown in the figure) for detecting 
movement in the radial direction. The control circuit (not shown in the figure) of 
the laser beam recorder 202 can calculate the distance moved based on a 
predetermined pulse interval and the actually detected number of pulses from 
the encoder. The control circuit then controls movement so that the pulse count 
from the encoder matches the pulse count that should be detected within a 
specified time according to the set track pitch. 

The laser beam recorder 202 starts forming the groove at a first pulse 
count setting equivalent to the track pitch (2.0 urn) of the BCA 101 from the 
inside radius of the BCA 101 (see Fig. 1) or a point to the inside of this inside 
radius. When groove exposure advances into the first guard area 105 (Fig. 1), 
the laser beam recorder 202 switches to a second pulse count setting 
equivalent to the track pitch (0.35 urn) of the read-only area 102 (see Fig. 1). 
This makes it possible to change the track pitch in the first guard area 105 
without interrupting the track. The read-only area 102 is thereafter exposed at 
this second pulse count setting to form grooves at a uniform track pitch 
throughout the read-only area 102. As noted above, the track pitch in the read- 
only area 102 (Fig. 1) is 0.35 urn and the track pitch in the BCA 101 is 2.0 urn, 
that is, at least five times greater than the track pitch of the read-only area 102. 
It is therefore difficult to uniformly alter the barcode-shaped marks in their 
entirety in the BCA 101. 

It should be noted that the first pulse count setting could alternatively be 
increased or decreased continuously to the second pulse count setting. In this 
case the track pitch will change continuously throughout the first guard area 105. 

(c) The laser beam recorder 202 similarly changes in the second 
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guard area 106 (Fig. 1) from the second pulse count setting equivalent to the 
track pitch of the read-only area 102 to a third pulse count setting equivalent to 
the track pitch (0.32 urn) in the read/write area 103. The track pitch can thus be 
varied without interrupting the track in the second guard area 106, and the 
5 read/write area 1 03 can thereafter be uniformly exposed at a specific track pitch. 
Exposure ends at the outside circumference radius of the read/write area 103. 
A latent image 203 with the desired groove pattern is thus recorded to the glass 
plate 201 by the above steps (see Fig. 2C). 

(d) The plate is then spun while dispensing spraying it with developer 
1 0 solution from a developer nozzle 204 to develop the latent image (Fig. 2D). 

(e) The developed plate is then dried to obtain a disc master 206 with 
the desired groove pattern 205 (Fig. 2E). 

(3) Manufacturing an optical disc using the disc master 

Figs. 4A to 4F and Figs. 5A to 5F show the steps in the production of an 
15 optical disc from the disc master. Figs. 4A to 4F show the steps in the 

production of a stamper from the disc master, and Figs. 5A to 5F show the 

steps for producing the optical disc from the stamper. 
Figs. 4A to 4F are referred to first. 

(a) A nickel film 401 is first formed on the disc master 206 (Fig. 4A) by 
20 sputtering (Fig. 4B). 

(b) The master is then nickel plated using the nickel film 401 as the 
electrode, resulting in a nickel thin plate 402 on the master surface (Fig. 4C). 

(c) The thin plate 402 is then separated and the resist removed to 
obtain an approximately 0.3 mm thick nickel master plate (the "father" below) 

25 403 to which the desired groove pattern has been transferred (Fig. 4D). 
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(d) The father 403 is then nickel plated again and the nickel plate is 
similarly removed (Fig. 4E) to obtain an approximately 0.3 mm thick nickel 
master plate (the "mother" below) 403 to which the groove pattern from the 
father 403 has been transferred (Fig. 4F). The back of the mother 404 is then 

5 polished and the mother 404 is stamped to a desired shape to obtain a die 
(stamper) 405 with the desired groove pattern. 

The remaining process is described with reference to Figs. 5A to 5F. 

(e) The stamper 405 is installed to the injection molding machine for 
injection molding using a polycarbonate material to produce a 1.1 mm thick 

10 molded substrate 501 to which the desired groove pattern has been transferred 
(see Fig. 5A). 

(f) A phase-change recording stack 502 of primarily Ge-Sb-Te is then 
stacked by sputtering onto the pattern transfer side of the molded substrate 501 
(see Fig. 5B). 

15 (g) An approximately 90 um thick polycarbonate sheet 503 is then 

placed on a spin coater and a UV curable resin 504 is then dripped thereon (Fig. 
5C). 

(h) After piling the substrate on so that the surface with the phase- 
change recording stack faces the polycarbonate sheet, the spin coater is turned 

20 to spin off excess UV curable resin. The spin coater is stopped when the UV 
curable resin is approximately 10 um thick (Fig. 5D). 

(i) UV light is then emitted from the UV source 505 to set the UV 
curable resin 504 (Fig. 5E). 

0) After these steps are completed an optical disc 506 with a 
25 transparent cover layer enabling reading and writing is obtained (Fig. 5F) from 
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the disc master 206 (Fig. 4A). 
(4) BCA mark formation 

The entire phase-change recording stack 502 surface of the optical disc 
is in the amorphous state after being formed by sputtering as described above, 
5 and a process generally referred to as initialization is required to crystallize the 
data recording area. A disc initializer having a high output laser with a 
wavelength of at least 650 nm is then used to crystallize the data recording 
. areas 101 to 103 of the optical disc (Fig. 1). The disc can be uniformly 
initialized by scanning the entire surface with uniform light while spinning the 
10 disc. 

Referring to Fig. 1 , the laser beam is repeatedly switched on and off In 
the BCA 101 according to the barcode pattern (for information such as. the serial 
number or copy prevention information) to be recorded. By leaving uninitialized 
amorphous state parts on the disc, a barcode-shaped pattern of crystalline 

15 phase and amorphous phase parts is recorded as the BCA mark 104. An 
optical disc 1 00 containing BCA marks 1 04 can thus be manufactured. 

It should be noted that the initialization process for forming the BCA 
marks 104 is described in this embodiment of the invention as occurring after 
the protective surface layer is formed. It will be obvious, however, that disc 

20 initialization and BCA mark 104 formation could precede forming the cover layer, 
and the protective layer could be formed after initialization to complete the 
optical disc 100. 
(5.) Optical disc playback 

Fig. 6 is a block diagram of the configuration of a playback device 60 for 

25 reading this optical disc 100. An optical disc 100 set on the turntable of the 
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playback device 60 is turned by the rotational drive unit 61 . The optical head 66 
sends a signal corresponding to its position relative to the optical disc 100 to the 
control unit 63. The control unit 63 amplifies or otherwise manipulates this 
signal to tune the position of the optical head 66 or objective lens inside the 
5 optical head 66. The drive unit 62 drives the optical head 66. The objective 
lens drive unit 65 drives the objective lens inside the optical head 66. The 
control unit 63 reads information from the optical disc 100 by controlling a 
focusing servo and tracking servo using signals from the optical head 66 and 
the drive unit 62 [82, sic] and/or objective lens drive unit 65 [85, sic]. It should 

10 be noted that writing and erasing information can be done using the same 
equipment. The connector 64 is for connecting an internal or external power 
source. Power is supplied from the connector 64 to the control unit 63, optical 
head 66 drive unit 62, rotational drive unit 61, and objective lens drive unit 65. 
The playback operation is described more specifically below. 

15 When an optical disc 100 is placed on the turntable (not shown in the 

figure), the playback device 60 sets the 0.85 NA optical head 66 in proximity to 
the optical disc 100 and emits a 405 nm wavelength laser. The laser beam 
emitted to and reflected from the optical disc 100 is then detected by the optical 
head 66 and passed to the control unit 63 for focusing servo control. The 

20 control unit 63 detects a push-pull tracking signal to track and read information 
from the location on the optical disc 100 where the information to be read is 
recorded. 

Fig. 7A shows the reproduced waveform of the tracking error signal in 
the read/write area 103 (Fig. 1). It will be obvious that the playback waveform is 
25 a sine wave. Fig. 7B shows the playback waveform from the BCA 101 (Fig. 1) 



WO 03/069609 PCT/JP03/01367 



where the BCA marks 104 (Fig. 1) are recorded. Because the recorded groove 
width is narrow compared with the track pitch or diameter of the read spot 70 of 
the optical head 66 (Fig. 6), the playback signal from the BCA 10^ (Fig. 1) is not 
a sine wave. The tracking error signal when the groove is crossed is sufficiently 
steep, however, and the groove can therefore be followed by the tracking servo. 

Figs. 8A to 8C show the change in the intensity of the reflected light 
detected by the optical head 66 (Fig. 6) when the tracking servo is functioning. 
Because reflectivity in the amorphous phase part of the phase-change 
recording stack in the BCA 101 (Fig. 1) is low (such as half or less) compared 
with reflectivity in the crystalline phase parts, the strength of reflections detected 
in the BCA 101 is modulated according the pattern of the BCA mark. It is 
therefore possible for the playback device 60 (Fig. 6) to recognize the pattern of 
the BCA marks 104 (Fig. 1) and read information from the pattern by setting a 
specific threshold value and determining whether the strength of the detected 
reflection is greater than or less than the threshold value. It should be noted 
that the actual tracking servo preferably uses a tracking error signal normalized 
for the strength of the reflections in order to prevent the tracking error signal 
from being affected by the strength of the reflections. 

A method for reading BCA marks 104 (Fig. 1) in the BCA 101 of this 
optical disc 100 is considered next. These BCA marks 104 can be read by 
tracking as described above. We also discovered that by forming the BCA 
marks 104 over a wide range in the radial direction across plural tracks of the 
BCA 101, the optical head 66 (Fig. 6) can be reliably positioned in the BCA 101 
(Fig. 1) so that the BCA marks can be read. In other words, we discovered that 
the control unit 63 can also detect information from change in the strength of the 
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laser reflections even when the tracking servo is not operating (i.e., when 
tracking is off). In this tracking-off mode information can be detected by 
scanning the optical disc 100 while holding the optical head 66 stationary, for 
example. 

How BCA marks 104 in the BCA of the optical disc 100 are altered is 
considered next. 

There are two general ways of tampering with the BCA marks: the first 
method uses tracking control and the second method turns tracking off. To 
prevent tampering with first method, i.e., with tracking control, the track pitch d1 
of the BCA 101 is set to a certain multiple greater than the track pitch of the 
read-only area 102 (Fig. 1) or read/write area 103 (Fig. 1). This multiple is 
preferably five times or more. The track pitch d1 of the BCA 101 is also 
preferably sufficiently greater than the spot diameter of the optical head. This 
makes it difficult to change the entire BCA 101 even if a third party attempts to 
tamper with the BCA marks 104 using a drive that can record data, such as a 
CD-R or CD-RW drive. 

if tampering is attempted using the second method turning tracking off, 
the path 1 12b of the optical head 66 while tampering does not follow the groove 
110, and the original BCA marks 104 will therefore remain in the area along the 
groove 110. 

A method for detecting tampering with the BCA marks 104 is described 

next. 

Altering the entire BCA 101 can be prevented by setting the track pitch 
d1 of the BCA in a specific range as described above. While unauthorized BCA 
marks 1 14 can be read when reading the BCA marks with tracking control as in 
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the prior art, it has not been possible to detect whether the read mark had been 
altered. 

We discovered, however, that when the BCA marks are read with 
tracking off, a different place is read than when reading the BCA marks with 
5 tracking on. 

A novel feature of the optical disc playback method of the present 
invention is therefore that alteration of the original BCA marks is detected by 
comparing the mark information obtained by reading the BCA mark with 
tracking on with the mark information obtained by reading the BCA mark with 
10 tracking off. 

A method according to the present invention for detecting alteration of 
the BCA marks 104 in the BCA 101 of this optical disc 100 and playing the 
optical disc only when there has been no tampering is therefore described next. 

(a) The BCA marks 104 are read using the optical head 66 without 
15 tracking the groove 110 of the BCA 101, that is, with tracking off, to get the 

mark information when tracking is off. 

(b) The BCA marks 1 04 are then read again using the optical head 66 
while tracking the track in the BCA 101 to get the mark information when 
tracking is on. 

20 (c) The control unit 63 then compares the playback waveform of the 

mark information reproduced when tracking is off with the playback waveform of 
the mark information reproduced with tracking on. 

(d) If the playback waveforms are determined to differ, it is known that 
altering the BCA marks was attempting using either the first or second 

25 tampering method described above. The control unit 63 of the playback device 
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60 recognizes the disc as an original, authentic disc only if the mark information 
detected with tracking on matches the mark information detected with tracking 
off. 

(e) Reading the information recorded to the read-only area 102 is 
5 then permitted, for example. If the mark information does not match, the control 
unit 63 identifies the disc as a disc that has been tampered with, and reading 
the optical disc is therefore prohibited. 

It should be noted that either playback waveform could be detected first, 
but the marks are generally read first without tracking and then with tracking. 
10 It should be noted that the optical head follows a different path 112b 

when reading the BCA marks with tracking off than the path 1 12a when tracking 
is on because of eccentricity, that is, the offset between the center of rotation in 
. the read/write system and the center of the optical recording medium. This 
eccentricity is approximately +/-50 urn, causing the path 112b when tracking is 
15 off to shift in the radial direction from the groove 110 by the amount of 
eccentricity compared with the path 112a when tracking is on. This results in 
lands 120 other than those along the groove 1 1 0 that are scanned with tracking 
on to also be scanned when tracking is off. 

Separate methods for detecting tampering by comparing mark 
20 information obtained with tracking on and with tracking off are described below 
to determine whether the marks were altered by the above first or second 
tampering methods. 

If the marks are altered while tracking the pregroove using the first 
tampering method above, the pregroove will be altered and an unauthorized 
25 BCA mark 114 will be written as shown in Fig. 11. In this case, however, the 
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original BCA mark 104 also remains between the lands 120. As a result, when 
the BCA marks 104 are read along the pregroove with tracking on, the mark 
information from the altered unauthorized BCA marks 114 will be read because 
the optical head path 1 12a follows the groove 110. However, because the path 
5 112b when tracking is off shifts equivalents to the eccentricity from the groove 
1 1 0 in the radial direction, both the unauthorized BCA marks 1 14 and remaining 
original BCA marks 104 will be read. The read mark information thus contains 
both mark information from the original BCA marks 104 and mark information 
from the unauthorized BCA marks 114, and thus differs from the mark 

10 information read with tracking on. If the mark information is then compared and 
found to differ, the marks are known to have been altered. 

Because alteration occurs when tracking is off with the above second 
tampering method, the mark information read when tracking is off is based on 
the unauthorized BCA marks 114, and the mark information read when tracking 

15 is on includes both mark information based on the original BCA marks 104 and 
mark information from the unauthorized BCA marks. While this is the opposite 
of the above case, tampering can still be detected by comparing the mark 
information and detecting if the information is the same. 

In an optical recording medium according to the present invention the 

20 track pitch of tracks in a BCA region is wider than the track pitch of tracks in a 
read-only region or read/write region of the disc, and is preferably at least five 
times wider. This makes it possible in an optical disc or other optical recording 
medium to read barcode-shaped BCA marks in a BCA region with tracking 
while also making it difficult to alter or tamper with the BCA marks. 

25 Although the present invention has been described in connection with the 
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preferred embodiments thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications will be apparent to those 
skilled in the art. Such changes and modifications are to be understood as 
included within the scope of the present invention as defined by the appended 
5 claims, unless they depart therefrom. 
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CLAIMS 

1 . An optical recording medium comprising: 

a first area containing tracks with, a first track pitch; and 
a second area containing tracks with a second track pitch, 
5 wherein a plurality of barcode-shaped marks are formed in the second 

area, and the second track pitch is wider than the first track pitch. 

2. An optical recording medium according to claim 1 , wherein the barcode- 
shaped marks are linearly shaped marks arrayed in the circumferential direction 
and extending in the radial direction across multiple tracks in the second area. 

10 3. An optical recording medium according to claim 1, wherein the second 
area has prepits or pregrooves formed therein along the track. 

4. An optical recording medium according to any one of claims 1 to 3, 
wherein the second area has a stack for recording information. 

5. An optical recording medium according to claim 4, wherein the stack for 
1 5 recording information is a phase-change recording stack, 

the marks are formed by a pattern using both a crystalline phase and 
amorphous phase of the phase-change recording stack, and 

the second track pitch is at least five times the first track pitch. 

6. An optical recording medium according to any one of claims 1 to 5, 
20 further comprising a guard area for changing the track pitch between the first 

area and second area. 

7. An optical recording medium according to claim 6, wherein the first area 
track and the second area track continue as uninterrupted in the guard area. 

8. An optical recording medium according to claim 6, wherein the first area 
25 track is not continuous to the second area track in the guard area. 
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9. An optical recording medium according to claim 7 or 8, wherein 
uninterrupted prepits or pregrooves are formed in the first area and in the 
second area. 

10. A method for reading information from an optical recording medium 
having a first area including a track with a first track pitch for recording specific 
information, a second area including a track with a second track pitch, and 
prepits or pregrooves being formed along the track and a mark for identifying 
the optical recording medium being recorded in the second area, the reading 
method comprising: 

obtaining first mark information by tracking the prepits or the pregrooves 
and reading the mark from the second area; 

obtaining second mark information by reading the mark from the second 
area with tracking off; 

comparing the first mark information and the second mark information to 
determine if the first mark information and the second mark information are the 
same information; and 

reproducing the specific information if the first mark information and 
second mark information are determined the same. 
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Fig. 11 




WO 03/069609 



PCT/JP03/01367 



12/13 




WO 03/069609 



PCT/JP03/01367 



Fig. 13 
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